Introduction
Cryptococcus gattii is a basidiomycetous yeast that causes respiratory and disseminated infections in immunocompromised and immunocompetent humans and animals [1] . Hosts are supposed to acquire cryptocococci via inhalation of desiccated yeast cells or basidiospores from the environment, with the disease affecting the lungs with the potential to disseminate to the central nervous system and/or to other distant tissues [2] . Cryptococcus gattii was traditionally considered as a saprophyte of Eucalyptus spp. trees and ( Pinus halepensis ) and four carob ( Ceratonia siliqua ) trees. The presence of C. gattii in carob trees was confi rmed in samples from Alicante, located more than 500 km from the original sample locality in Barcelona (Table 1) . This work describes for the fi rst time the presence of C. gattii in an autochthonous Mediterranean environmental niche, which is likely to be the source for outbreaks among various animals and humans.
Materials and methods

Sampling areas
Twenty plant species were sampled in six provinces of Spain, i.e., Asturias, Guadalajara, Albacete, C á ceres, Barcelona and Alicante (Fig. 1) . These provinces are separated by hundreds of kilometres and have different climates and vegetations. Sampled trees included Eucalyptus camaldulensis ( n ϭ 65 trees; 34%), which is present in all studied localities, and common trees from the Mediterranean area, namely the carob tree ( Ceratonia siliqua ) and the Mediterranean stone pine ( Pinus halepensis ), which were included when sampling the Eastern coast of Spain ( n ϭ 25 trees; 13.1% and n ϭ 15 trees; 7.9%, respectively). In addition, samples were obtained from holm trees ( Quercus ilex ; n ϭ 16 trees or 8.4%) from C á ceres and the Central part of the country (Guadalajara and Albacete), apple trees ( Malus domestica ) from north western Spain, and other minority tree species from different sites. Locations and tree species studied are indicated in Table 1 .
Collection and processing of samples
A total of 479 samples were obtained from 20 tree species. Samples consisted of; swabs from trunk and hollows ( n ϭ 339; 70.7%), bark pieces ( n ϭ 24; 5.0%), leaves ( n ϭ 16; 3.3%), fl owers ( n ϭ 35; 7.3%), fruits ( n ϭ 5; 1.1%), detritus ( n ϭ 44; 9.2%), soil under the tree canopy ( n ϭ 11; 2.3%) and others ( n ϭ 5; 1.1%). Approximately 200 g of soil samples and plant debris were collected into sterile plastic containers. For most bark samples, hollows and other tree surfaces, the swabbing technique proposed by Randhawa et al . [15] was used. For plant debris, approximately 5 g of samples were processed as previously described [15, 16] .
Identifi cation of Cryptococcus isolates
All yeast isolates were subjected to physiological and morphological identifi cation tests in order to identify the Cryptococcus species. These tests included cell and colony morphology, ability to grow at 37 ° C, hydrolysis of urea, the presence of capsule by India ink negative staining, colorimetric sugar assimilation (Auxacolor Bio-Rad, Marnesla-Coquette, France), actidione sensitivity, phenoloxidase production and ability to grow on Canavanine-GlycineBromothymol blue medium [17] . The isolated Cryptococcus spp. strains were stored in our collection (CCA, Coleccion Cryptococcus Alicante ) and all C. gattii and C. neoformans isolates were deposited in the culture collection of the CBS-KNAW Fungal Biodiversity Centre (Table 1) .
Genetic analysis of C. gattii isolates
Cryptococcus gattii isolates were further studied using Amplifi ed Fragment Length Polymorphism (AFLP) and Multi-Locus Sequence Typing (MLST) to compare them with isolates from previous cases of cryptococcosis in humans and animals in Spain (Table 1) .
Genomic DNA was extracted as described previously [18] . AFLP fi ngerprint analysis was carried out according to methods described by Boekhout et al . [19] . AFLP genotypes were assigned using the following reference isolates that were included in the analysis: CBS10078 (AFLP4/ VGI); CBS10081 (AFLP5/VGIII); CBS10514 (AFLP6A/ VGIIa); CBS10865 (AFLP6B/VGIIb); CBS11545 (AFLP6C/ VGIIc); CBS10101 (AFLP7/VGIV) and CBS11687 (AFLP10) [18, 19] . Subsequently, 10 nuclear loci were amplifi ed and sequenced according to recently published methods [20] . Seven of these loci are part of a recently launched MLST scheme that includes the CAP59 , GPD1 , IGS1, LAC1 , PLB1 , SOD1 and URA5 , while the CAP10 , MPD1 and TEF1 α were sequenced to compare the isolates with a previously published large C. gattii MLST study [8, 20] . Raw sequence data was analyzed using SeqMan version 8.0.2 (DNASTAR, Madison, WI, USA) followed by an automatic alignment and bootstrap Maximum Parsimony phylogenetic analysis using MEGA version 4.1 [21] . The Maximum Parsimony tree was obtained using the CloseNeighbor-Interchange algorithm with a search level 3 in which the initial trees were obtained with the random addition of sequences (10 replicates). The tree was drawn to scale with branch lengths calculated using the average pathway method and are in the units of the number of changes over the whole concatenated set of ten sequenced loci.
The mating-type of each isolate was determined using C. gattii specifi c primers for either the mating-type a or α STE12 locus, with reference isolates CBS10078 (mating-type α ) and CBS1930 (mating-type a ) included as controls [18] .
Results
Cryptococcus gattii was found in two of the six sampled provinces of Spain, namely Barcelona and Alicante, both situated at the Mediterranean coast and separated by more 
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Holm tree (Quercus ilex) . In this park, C. gattii was found in 10 samples from four carob trees and one sample of detritus from a stone pine tree. All these samples were collected during the summer of 2009. The study yielded 56 Cryptococcus spp. isolates identifi ed as C. albidus ( n ϭ 31; 55.4%) , C. gattii ( n ϭ 14; 25.0%), C. neoformans ( n ϭ 9; 16.1%) and C. laurentii ( n ϭ 2; 3.6%). The majority of C. gattii and C. neoformans isolates were recovered from carob trees ( n ϭ 12; 85.7%; n ϭ 7; 77.8%, respectively). Only two other trees harbored C. gattii , that is eucalyptus and Mediterranean stone pine ( n ϭ 1; 7.2% each).
Cryptococcus gattii was found in 12 out of the 123 carob tree-related samples (9.8%). Six C. gattii isolates were collected from detritus of carob and stone pine trees and another six isolates were obtained from swabs from the tree surface and hollows in the trunks of carob trees. Nine strains of C. neoformans were recovered from three different tree species (Table 1) . Carob trees harbored the highest number of detected C. neoformans with seven (77.8%) isolates (Table 1) . The other two isolates were found in eucalyptus and a cherry tree (both 11.1%). Cryptococcus albidus was the most abundant Cryptococcus species among the studied samples. It was associated with seven out of the 20 sampled tree species (35%), i.e., eucalyptus, fi g tree, almond tree, judas tree, olive tree, holm tree and apple tree resulting in the isolation of 31 strains of this species. The two C. laurentii isolates from Eucalyptus spp. were obtained during a previous study in Alicante city [22] . All the isolates, types of samples and sampled trees species are listed in Table 1 .
Environmental isolates that were identifi ed as C. gattii using CGB medium were subjected to Amplifi ed Fragment Length Polymorphism (AFLP) fi ngerprint analysis and Multi-Locus Sequence Typing (MLST) to study their genetic relatedness with previously described clinical and veterinary isolates (Table 1; Fig. 2 ). This revealed that Spanish C. gattii strains fell in the same cluster as reference strain CBS10078, representing genotype AFLP4/VGI isolates. AFLP analysis divided the Spanish C. gattii isolates in two clusters; a major cluster that contained a group of 14 veterinary isolates, three isolates from human cases of cryptococcosis and six environmental isolates from different trees. In addition, fi ve C. gattii isolates obtained from asymptomatic carriers (three ferrets and two humans) from Barcelona fell into this cluster. The minor AFLP cluster contained a veterinary isolate from Barcelona which was 97.9% identical to eight environmental C. gattii isolates recovered from carob trees ( Ceratonia siliqua ) (Fig. 2) . Phylogenetic MLST analysis, based on 10 unlinked nuclear loci (6083nt aligned with 39 parsimony informative sites, including 31 singletons), revealed nearly identical topology. However three strains (CCA317, CCA326 and CCA332) were now clustering together with the minor AFLP cluster, which was due to four shared polymorphisms in the SOD1 locus (Fig. 2) . The previously published C. gattii MLST dataset [8] containing the CAP10 , GPD1 , IGS1, LAC1 , MPD1 , PLB1 and TEF1 α loci, was used to compare the Spanish C. gattii isolates. This showed that Spanish C. gattii AFLP4/VGI isolates had a distinct MLST profi le compared to those found previously [8] ( Supplementary Fig. 2 , available online). Sequences were submitted to Genbank and are available under accession numbers HM622758-HM623127.
Discussion
The present study describes the presence of the emerging pathogen Cryptococcus gattii in the Mediterranean environment. The isolation of the yeast from 12 samples of carob trees ( Ceratonia siliqua ) located in two geographically separated provinces of Spain could be considered as evidence of a Mediterranean niche for C. gattii .
Carob trees belong to the Fabaceae family and are perennial leguminous trees native to the Mediterranean basin. Spain harbors the highest number of carob trees in . Mediterranean stone pine is also an autochthonous plant of the Mediterranean environment. Eucalyptus trees only yielded one isolate of each pathogenic Cryptococcus species. This low rate of isolation is in accordance with previous fi ndings from the Mediterranean area that were initiated in Egypt, Italy, Jordan, Spain and Turkey after reports of clinical C. gattii infections [9,11,14,22,24 -27] . These studies focused mainly on samples from eucalyptus trees and the species was detected in only Egypt and Italy in 1.2% and 2.4% of the samples, respectively [27, 28] .
The present study reports a high rate of positive C. gattii samples that were retrieved from carob trees (9.8%). Similar rates were reported from Colombia, India and Vancouver Island, where the overall presence of C. gattii in trees was estimated to range from 2.6, 8 and 16.1%, respectively [29 -31] .
All environmental, human and veterinary C. gattii isolates from Spain were serotype B, mating-type α and genotype AFLP4/VGI. Two lineages were observed when a phylogenetic comparison was made based on AFLP fi ngerprint patterns and MLST results using all ten nuclear loci (Fig. 2) . When the Spanish C. gattii were compared to those used in a previous global MLST study [8] it was observed that there was no differentiation between the two Spanish C. gattii clusters ( Supplementary Fig. 2 , available online). This shows that for epidemiological studies a genome-wide fi ngerprinting method might be a valuable additional tool to provide more detailed information compared to techniques such as MLST and PCR fi ngerprint typing. The difference between the seven and ten nuclearbased MLST analyses shows that the addition of a particular locus, in this case SOD1 , contributes to subtle differences in the phylogenetic analysis as shown by the split of the Spanish C. gattii isolates in two clusters, nearly similar to those found by AFLP fi ngerprint analysis (Fig. 2) .
The majority of Spanish clinical, veterinary and environmental isolates were genotypically identical, thus suggesting clonal dispersal. The identical genotypes of the investigated isolates strongly suggest that animals and humans, who suffered from cryptococcosis in the Mediterranean area, may have acquired C. gattii from environmental sources such as trees in their neighborhoods. Interestingly enough, the genotype of the isolates from humans and goats located in the West and Northwest of the country, were found to be also identical but, the carob tree is not known to grow in these areas. Thus the ecological source for these C. gattii infections still remains to be determined.
The list of worldwide reported tree species that harbors C. gattii includes over 50 species [10, 32] . From these fi ndings, major evidence accumulated and showed the existence of a close relationship between trees and yeasts of the Cryptocococcus genus. Whether C. gattii is more frequently found in trees than C. neoformans , and why some tree species are more suitable to harbor these yeasts should be further addressed. The production of laccase and some abiotic factors, such as pH, humidity and temperature, seem to be important for the distribution and ecology of Cryptococcus species [29,31,33 -35] . Biochemical compounds in bark, fl owers and other debris of plants, may play an important role in the specifi city of the association of a Cryptococcus species to a specifi c tree or group of trees.
The isolation of high numbers of C. albidus in the current study is in agreement with another study in Malaysia [36] .
From the current results, it can be concluded that carob trees are an important environmental niche for C. gattii in the Mediterranean area. The presence of the yeast in these trees may explain the occurrence of clinical and veterinary C. gattii cases previously reported. More Mediterranean zones and trees should be sampled and biological and biochemical environmental aspects should be taken into consideration to assess the existence of a stable yeast-tree relationship.
